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Polarisation of cells during mouse preimplantation development first occurs within blastomeres at the eight-cell stage, as
part of a process called compaction. Cell–cell contact mediated by the cell adhesion molecule uvomorulin (E-cadherin) and
the activity of the microfilament cytoskeleton are important in the development of compaction, which is crucial for
establishment of trophoblast and pluriblast (inner cell mass) lineages and for subsequent development. Members of the Rho
family of p21 GTPases have been shown to regulate the organisation of the actin cytoskeleton and adhesion in other cell
types. The potential role of these proteins in compaction was investigated. Inhibition of Rho with Clostridium botulinum
C3-transferase disturbed intercellular flattening at compaction and prevented cytocortical microfilament polarisation of
eight-cell blastomeres, in contrast to cytochalasin D which inhibited only adhesion. Microinjection of a constitutively
activated recombinant Rho protein into four-cell blastomeres induced cortical microfilament disruption and apical
displacement of nuclei associated with polarised clustering of microtubules. Interblastomere adhesion was reduced and
E-cadherin was aberrently clustered at remaining cell–cell contacts. Similarly, activated Cdc42 protein induced nuclear
displacement with additional cytoplasmic actin bundle formation between nucleus and cell–cell contacts. The effects
produced by both of the activated GTPase proteins are indicative of prematurely induced but aberrently organised
polarity. These results suggest that Rho family GTPases are involved in the polarisation of early mouse blasto-
meres. © 1999 Academic Press
Key Words: adhesion; compaction; cytoskeleton; GTPase; microfilaments; preimplantation mouse conceptus;
polarity; Rho.
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1INTRODUCTION
The generation of polarity is fundamentally important to
the development of all organisms. Often polarity is first
generated within a single cell. In mouse development this
process first occurs within individual blastomeres at the
eight-cell stage, during a process known as compaction.
Compaction involves a striking morphological change with
concomitant characteristic redistribution of cell surface
and cytoskeletal components (Fleming and Johnson, 1988;
Johnson and Maro, 1986) and an increase in the extent of
intercellular adhesion. This de novo cell polarity generated
is essential for the differentiation of trophoblastic and
pluriblastic (inner cell mass) lineages present in the blasto-
cyst and is thus a critical step in mouse embryo develop-m
e
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322ent (Johnson, 1996; Johnson and Maro, 1986; Johnson and
elwood, 1996). Cell–cell contact very early in the eight-
ell stage is important in establishing the axis of polarity
Johnson and Ziomek, 1981; Ziomek and Johnson, 1980)
nd involves the calcium-dependent cell adhesion molecule
vomorulin (E-cadherin) (Johnson et al., 1986; Shirayoshi et
l., 1983). Compaction proceeds normally in the presence of
nhibitors of both transcription and translation and thus is
egulated posttranslationally (Levy et al., 1986), and several
tudies have implicated protein phosphorylation (Bloom,
989; Bloom and McConnell, 1990; O’Sullivan et al., 1993;
inkel et al., 1990). In addition, agents which disrupt
icrofilaments also disturb the developing axis of cell
olarity, indicating the involvement of the actin cytoskel-
ton (Clayton and Johnson, 1998; Johnson and Maro, 1984,
985). However, at present, the details of the signaling
echanisms linking cell–cell contact patterns to the gen-
ration of polarity are not fully understood.
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323Rho in Mouse Blastomere PolarisationTo begin to understand the molecular mechanisms gen-
erating and transmitting polarising signals in the early
mouse conceptus, we have drawn upon polarity generation
in other systems to identify candidate molecules. Genetic
analysis of yeast (Saccharomyces cerevisiae) has shown
that members of the Rho subfamily of ras-related GTPases,
in particular, Cdc42 (Johnson and Pringle, 1990), control the
site of budding, and thus the generation of polarity within a
single cell, a situation which can be considered analogous
to contact patterns in the preimplantation mouse concep-
tus (Chant and Pringle, 1991; Drubin, 1991; Drubin and
Nelson, 1996). Mammalian Rho proteins control integrin-
associated microfilament assembly in cultured fibroblasts
(Nobes and Hall, 1995; Paterson et al., 1990; Ridley and
Hall, 1992; Van Aelst and D’Souza-Schory, 1997) and pro-
tein kinase C-dependent intercellular adhesion in B lym-
phocytes and platelets (Morii et al., 1992; Tominaga et al.,
1993). Thus Rho-related proteins are involved in polarity
generation, cytoskeletal organisation, and the control of
intercellular adhesion, all of which are important during
compaction. Therefore, we investigated whether Rho-
related GTPases play a role in polarity generation in mouse
blastomeres.
We show here that Rho is present in the preimplantation
mouse conceptus and that its specific inhibition interferes
with compaction, in a way quite distinct from that shown
by microfilament inhibitors, e.g., cytochalasin D (CCD).
C3-transferase is also effective in reversing the cell–cell
adhesion in compact conceptuses later in the cell cycle,
suggesting a maintenance role for Rho in compaction. In
addition microinjection into four-cell blastomeres of con-
stitutively activated versions of Rho and Cdc42Hs (the
human homologue of the yeast polarity gene Cdc42) pro-
duces a premature, appropriately oriented but aberrantly
organised, polarisation. We conclude that the Rho family of
GTPases plays an important role in the generation of
polarity in early mouse blastomeres.
MATERIALS AND METHODS
Materials
Purified mouse IgG, BSA, FITC-labelled secondary antibodies,
and cytochalasin D were all from Sigma. Monoclonal anti-E-
cadherin ECCD-2 (Shirayoshi et al., 1986) was a gift of Masatoshi
Takeichi. Monoclonal anti-a-tubulin was from Amersham Interna-
ional. Rhodaminyl lysine phallotoxin was a gift from Professor
. H. Wieland.
Recovery and Handling of Conceptuses
Conceptuses were obtained from superovulated MF1 female
mice (3–4 weeks old; Harlan-Olac, Bicester, UK) and cultured as
described previously (Clayton et al., 1993; Houliston et al., 1987;
aro et al., 1984; Nasr-Esfahani et al., 1991).
Copyright © 1999 by Academic Press. All rightTreatment of Conceptuses with C3-Transferase
in Culture
The zona pellucida was removed by brief exposure to acid
Tyrode’s solution (Nicolson et al., 1975) and conceptuses were
transferred to drops of medium containing 5 or 10 mg/ml C3-
transferase in Sterilin culture dishes to minimise adherence to the
dish surface. After incubation the conceptuses were stained with
antibodies or assayed for Rho, both as described below.
ADP-Ribosylation of Rho
Conceptuses at the appropriate stages (50 per sample) were
collected, freed from the zona pellucida, and then snap-frozen in a
minimal volume. Samples were frozen and thawed three times to
permeabilise the cells before being diluted into assay buffer com-
prising 50 mM Hepes, 2 mM MgCl2, 300 mM GTP, 10 mM
thymidine, 1 mg/ml C3-transferase, plus 75 mCi/ml [32P]NAD
(ICN), based on (Chardin et al., 1989). The reaction was incubated
at 37°C and stopped after 30 min by addition of an equal volume of
23 SDS sample buffer and boiling. Unincorporated [32P]NAD was
removed by precipitating proteins in 90% acetone at 220°C.
Resulting protein pellets were solubilised by heating in sample
buffer and run on 15% acrylamide gels according to Laemmli
(1970). Dried gels were exposed to X-ray film (Fuji RX) with
intensifying screens for 2–16 h.
Microinjection of Recombinant Proteins
Recombinant V14 Rho (Rho A isotype) and V12Cdc42 (G25K
isotype) and C3-transferase proteins were prepared from GST-
fusion proteins expressed in bacteria using the pGEX2T expression
system, as previously described (Nobes and Hall, 1995; Ridley and
Hall, 1992). Proteins were diluted to 0.5 mg/ml in Millipore-filtered
microinjection buffer comprising 5 mM Hepes, 100 mM NaCl, 2
mM KCl, 1 mM MgCl2, pH 7.5, and centrifuged at 10,000g for 5
min before use. Purified mouse IgG (Sigma) was added at 0.5 mg/ml
as a marker for injected cells, and this was visualised by staining
with FITC anti-mouse IgG (Sigma) as below. Blastomeres were
pressure microinjected in batches of 30–50, in H6 plus BSA
medium on a warmed 37°C stage, using a Leitz micromanipulation
apparatus attached to a Leitz Fluovert microscope. After manipu-
lation (which lasted 10–20 min) they were returned to culture in T6
plus BSA. The success of each manipulation was assessed by
scoring the overall survival through to final staining figures for
each experiment. This varied from 53 to 75%.
Immunocytochemistry
Immunocytochemical staining of zona-free cleavage stages was
performed as described previously (Clayton et al., 1993; Houliston
et al., 1987; Maro et al., 1984).
Immunoprecipitation
Conceptuses were selected and solubilised in nondenaturing
buffer containing 0.5% Nonidet P-40 and subjected to immunopre-
cipitation using an affinity-purified rabbit antibody to uvomorulin,
as described previously (Sefton et al., 1992). Parallel control immu-
noprecipitations were performed using nonimmune rabbit serum.
Between 250 and 300 conceptuses were taken for each immuno-
precipitation reaction. Sodium dodecyl sulphate (SDS)–poly-
acrylamide gel electrophoresis was performed as above.
s of reproduction in any form reserved.
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324 Clayton, Hall, and JohnsonRESULTS
Demonstration of the Presence of Rho in the Early
Mouse Conceptus
Rho was detected in mouse conceptus early stages using
a biochemical assay based on the ability of Clostridium
botulinum C3 toxin (C3-transferase) to ADP-ribosylate (and
thus inactivate) Rho in cells and cell extracts (Chardin et
l., 1989). In the presence of [32P]NAD p21Rho is radioac-
tively labelled in a C3-dependent manner (Chardin et al.,
1989; Rubin et al., 1988). This assay is very sensitive and
Rho was detected in samples of fewer than 50 conceptuses
(1.25 mg total protein). The C3 substrate was similar in size,
n SDS gels, to that of 3T3 cell controls and varied only
lightly in amount throughout early development (Fig. 1A),
ight-cell blastomeres and blastocysts having smaller
mounts than earlier stages.
The ability of C3-transferase to enter blastomeres and
ibosylate intracellular Rho was demonstrated by culturing
ona pellucida-free conceptuses for varying periods of time
n medium containing 10 mg/ml C3-transferase. Samples
were then lysed and assayed for further addition of
[32P]ADP-ribose from [32P]NAD by C3-transferase in the in
FIG. 2. (A–C) Effects of cytochalasin (CCD) and C3-transferase on
transition stage. Samples were double stained for actin microfilam
E-cadherin (A9, B9, C9). (A) Controls; (B) CCD treated; (C) C3-tran
FIG. 1. Identification of Rho in mouse preimplantation developm
molecular weight markers a, A, 3T3 cell extract minus (a) and plu
oocytes, as above; c, C, 50 late two-cell stages, as above; d, D, 50
blastocysts, as above. (B) Ribosylation of Rho in intact conceptuses
3 h of C3-transferase treatment (50). (B) Eight-cell stages after 6 h of
the medium in this inadequately washed sample, which becomes3-transferase after 8 h: double stained for actin microfilaments (D) and
of focus, but all blastomeres are binucleate.
Copyright © 1999 by Academic Press. All rightvitro assay as above. Within 3 h of treatment of intact
conceptuses in culture with C3-transferase no further ADP-
ribosylation was detected in extracts, indicating that com-
plete inactivation of the intracellular Rho had taken place
during this time (Fig. 1B). Therefore, culture of conceptuses
in C3-transferase could be used to assess the effects of
inactivation of Rho on compaction (see below).
Effect of C3-Transferase on Compaction
In cultured cells the inhibition of Rho by C3-transferase
affects the microfilament cytoskeleton. Conceptuses
treated in culture with C3-transferase were compared with
those exposed to a known microfilament-disrupting agent
CCD. Transitional cleavage stages, with five to seven
blastomeres, treated with C3 failed completely to develop
an apical pole (assayed by rhodamine–phalloidin staining;
Fig. 2C). Actin was relocated basally and colocalises with
E-cadherin, the distribution of which was also disturbed;
cells were rounded and showed E-cadherin only at points of
intercellular contact in a manner similar to that seen
precompaction (Johnson et al., 1986; Clayton et al., 1993)
(compare Fig. 2A). These effects on compaction were less
marked when exposure to C3-transferase began 1 h or more
action of conceptuses treated for 8–12 h from the four- to eight-cell
to demonstrate polarity with rhodamine-phalloidin (A, B, C) and
se-treated. (D) Recovery of eight-cell stage following removal of
stages. A [32P]ADP-ribosylation of Rho in whole-cell extracts: M,
) C3-transferase, showing 21-kDa C3 substrate; b, B, 50 fertilised
-cell stages, as above; e, E, 50 eight-cell stages, as above; f, F, 50
ternally applied C3-transferase in culture (A) Eight-cell stages after
ransferase treatment (50); note that the band at 69 kDa is BSA from
led in the assay.comp
ents
sferaent
s (A
four
by exDNA (D9); note that only four blastomeres are visible in this plane
s of reproduction in any form reserved.
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326 Clayton, Hall, and Johnsonafter completion of division to eight cells (Table 1), suggest-
ing the presence of a sensitive “time window” of Rho
activity early in this cell cycle. CCD was more effective
than C3-transferase at inhibiting intercellular adhesion
(Fig. 2B9), but did not prevent the development of a polar
organisation of microfilaments, although the polarity gen-
erated was of irregular orientation and morphology, as
described previously (Fleming et al., 1986). Thus inhibition
of Rho using C3-transferase interferes with compaction, but
in a way that differs from the effects of cytochalasin D.
Cytochalasin inhibits adhesion but not actin/microvillar
polarisation, whereas C3-transferase prevents polarisation
and disturbs intercellular flattening and is the first agent
shown to have these effects. Removal of C3-transferase
after 8 h resulted in reestablishment of adhesion, but
cytokinesis was irreversibly blocked and blastomeres be-
came binucleate (Fig. 2D9), suggesting that C3 has differing
effects on different microfilament populations in blas-
tomeres. Late addition of C3-transferase to compact stages
reversed compaction, and such conceptuses remained as
noncompact morulae (not shown). This decompaction was
not apparently due to arrest in mitosis, which leads to
decompaction (Goodall and Maro, 1986; Maro and Picker-
ing, 1984), since blastomeres were not arrested in M-phase.
This result indicates an additional and distinct maintain-
ance function for Rho during compaction.
Injection of Activated Rho into Blastomeres
Since inactivation of Rho affects both the adhesion and
the polarisation components of compaction, we investi-
TABLE 1
Effects of C3-Transferase on Compaction
% Embryos compact
(No. of embryos)
(A) C3-transferase-treated four- to eight-cell transitional stages;
results for four separate experiments a–d displayed individually
Control 68 (19)
C3 0 (25)
Control 95 (18)
C3 25 (8)
Control 100 (5)
C3 0 (7)
Control 78 (18)
C3 12.5 (8)
C3 25 (20)
(B) C3-transferase-treated noncompact eight-cell blastomeres
more than 1 h postdivision at start of treatment
Control 95 (19)
C3a 59 (29)
C3b 43 (14)gated whether introduction of constitutively activated Rho
(V14 Rho) protein into blastomeres could induce the appear-
Copyright © 1999 by Academic Press. All rightnce of premature adhesion and/or polarity. Activated Rho
as injected into one cell within a 4-cell conceptus. To
dentify injected cells, mouse IgG (0.5 mg/ml) was included
s a marker protein and samples were stained with FITC
nti-mouse IgG to visualise the marker, rhodamine–
halloidin to show F-actin, and Hoechst 33258 to stain
NA. Controls for the microinjection process and introduc-
ion of a “foreign” protein used BSA (at equivalent concen-
ration to the test protein) plus marker (Fig. 3A). Concep-
uses thus injected as early as the 2-cell stage could be
ultured to compact 8–16 cells with 70–80% efficiency.
Injection of activated Rho into four-cell blastomeres
esulted in morphological alterations in the injected blas-
omeres which included the displacement of the nucleus to
he apical edge of the cell (Fig. 3B and Table 2A), associated
ith a local concentration of microtubules (arrows in Fig.
C, MT), cell elongation along an axis perpendicular to
ntercellular contact points, and occasional gross distor-
ions of the apical cell surface. There was no detectable
oncentration of apical polar microvilli, but injected blas-
omeres became more fragile to manipulations required for
ounting and staining suggesting alterations to the cell
ortex. Injected cells showed decreased adhesion to the
emaining blastomeres, and the restriction of E-cadherin
taining to the contact point(s) with other cells (Fig. 3D, a).
Rho Does Not Associate with E-cadherin
Alterations in cell–cell adhesion occur after inactivating
or prematurely activating Rho in blastomeres (Figs. 2C, C9,
nd 3D, a). Moreover, recent experiments with MDCK cells
lso point to effects of Rho GTPases on intercellular adhe-
ion (Braga et al., 1997). Molecules which are cytoskeletally
ssociated and potentially involved in signalling have been
hown to coprecipitate with E-cadherin in immunoprecipi-
ates under nondenaturing lysis conditions (McCrea et al.,
991; Nagafuchi and Takeichi, 1989; Ozawa et al., 1989;
akeichi, 1991). Therefore, we examined E-cadherin immu-
oprecipitates from eight-cell stages for the presence of Rho
sing the C3-transferase [32P]ADP-ribosylation assay as
described above. Figure 3D, b, shows that no C3 substrate
can be detected in immunoprecipitates from compact eight-
cell embryos. Thus either Rho is not associated with
E-cadherin under the conditions used for our precipitation
or any association is indirect and/or too weak or transient
to detect using this method. This does not, however,
preclude indirect interactions. The subcellular localisation
of native Rho proteins during compaction may help to
clarify the role of Rho in cadherin-based adhesion.
Injection of Activated Cdc42
We tested the effects of Cdc42 on polarisation as for Rho,
by injecting blastomeres with constitutively activated re-
combinant V12Cdc42 protein and looking for premature
polarisation in four-cell blastomeres. This protein had been
engineered to contain an N-terminal myc epitope “tag”
s of reproduction in any form reserved.
327Rho in Mouse Blastomere PolarisationFIG. 3. Microinjection into four-cell blastomere of BSA control (row A), 0.5 mg/ml V14Rho (rows B–D). Samples were stained for presence
of mouse IgG marker (M, using FITC anti-mouse antibody), actin (with rhodamine–phalloidin), and DNA (with Hoechst 33258). Samples
in C were double stained for actin and microtubules (MT, using anti-a tubulin); arrowheads indicate the position of the nuclei with
surrounding microtubules. In B, note displacement of nucleus and elongation of injected cell. (D, a) Anti-E-cadherin (ECCD-2) staining of
conceptus in which V14Rho had been injected into a four-cell blastomere, which had then been cultured until sister noninjected control
blastomeres had divided to the eight-cell stage. The injected blastomere does not adhere to the others but remains attached and is stained
for E-cadherin only in a tight focus concentrated at the point of contact with the compact cells. Staining between the control adherent
blastomeres is normal. (D, b) Assay for the presence of Rho in association with E-cadherin. E-cadherin was immunoprecipitated with a
polyclonal antibody under nondenaturing conditions, and the precipitate was incubated with [32P]NAD and C3-transferase to detect Rho.
M, molecular weight markers. (C, c) ADP-ribosylation of p21Rho in total embryo protein (50 embryos); exposure times of 4 days (C) and
16 h (c). IP, 1, 2: ADP-ribosylation of anti-E-cadherin immunoprecipitates in the presence (1) or absence (2) of C3-transferase.
Copyright © 1999 by Academic Press. All rights of reproduction in any form reserved.
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328 Clayton, Hall, and Johnsonwhich was used to localise the injected protein using an
anti-myc monoclonal antibody 2E10 (Nobes and Hall,
1995). The results resembled those seen with activated Rho
(Fig. 4 and Table 2B). Myc-tagged V12Cdc42 spread rapidly
from the injected blastomere to its sister blastomere, pre-
sumably via the mid-body (Goodall and Johnson, 1984), and
became associated with the cell cortex. Nuclei were dis-
placed to the apical pole opposite the blastomere contact
points. Intracellular actin polymerisation was stimulated,
generally concentrated between the nucleus and the con-
tact points, while cortical actin staining appeared decreased
in intensity. This pattern of microfilament stimulation was
not seen with Rho. Stimulation of excessive cytoplasmic
actin assembly is also seen in cells expressing high levels of
Wiscott-Aldrich immunodeficiency syndrome protein, an
effector of Cdc42 (Aspenstrom et al., 1996; Kolluri et al.,
1996; Symons et al., 1996), indicating that Cdc42 is closely
involved in control of microfilament assembly. If the four-
cell blastomeres were newly formed prior to injection,
cytokinesis was reversed, producing a binucleate cell which
continued nuclear divisions but did not go through further
cytokinesis (Fig. 4C; Table 2B).
DISCUSSION
We have demonstrated the presence of Rho, at varying
TABLE 2
Microinjection of Activated Rho and Cdc42
into Four-Cell Blastomeres
Time
injected
% Conceptuses with abnormal
blastomeres (No. observed)
(A) Injection of V14Rho into four-cell blastomeres at various times
postdivision to four-cell blastomeres and scored for morphology
after 3 h incubation. Percentages are averages from three
separate experiments, and the number of embryos
observed is the total from three experiments.
,3 h 41.5 (20)
4–5 h 88.5 (81)
.5 h 97 (68)
Time
injected
% Conceptuses with
fused injected
blastomeres
% Conceptuses with
abnormaly polarised
features (No. observed)
(B) Injection of V12Cdc42 into four-cell embryos at various times
after division to four-cell blastomeres and scored for morphology of
injected blastomeres after 3 h. Blastomeres were scored for fusion
and abnormal polarisation such as nuclear displacement, decreased
adhesion, and polarised microfilament organisation.
1–4 h 40 95 (28)
4–5 h 27 80 (15)
5–6.5 h 22 54 (37)
.7.5 h 0 68 (28)levels, in conceptuses throughout preimplantation develop-
ment, and have shown that C3-transterase can enter blas-
r
a
Copyright © 1999 by Academic Press. All rightomeres in culture and thereby inactivate Rho. Inhibition of
ho interferes with compaction, but in a way quite distinct
rom the effects of cytochalasin D. Cytochalasin inhibits
dhesion but not actin/microvillar polarisation, whereas
3-transferase interferes with both and is the first agent
hown to have these effects.
C3-transferase is most effective at disrupting compaction
hen applied very early in the fourth cell cycle, during a
ensitive time window when crucial decisions regarding
xis formation are made (Johnson and Ziomek, 1981; Zi-
mek and Johnson, 1980). However, very little is known
bout the specific molecular events which are involved in
hese decisions. Changes in protein phosphorylation occur
t the eight-cell stage (Bloom, 1989; Bloom and McConnell,
990) and phosphorylation of E-cadherin increases at this
ime (Sefton et al., 1992), but the significance of this for
ompaction is not clear. Recent work indicates the involve-
ent of Rho family GTPases in control of cadherin-based
ntercellular adhesion in various differentiated cell types in
ulture (Braga et al., 1997; Takaishi et al., 1997; Tokman et
l., 1997). Moreover, the activity of particular protein
inases has been linked with the activity of the Rho family
TPases (Manser et al., 1993, 1994; Van Aelst and D’Souza-
chory, 1997). Inhibition of Rho also interferes with
dhesion-dependent protein phosphorylation patterns in
ultured cells (Kumagi et al., 1993; Rankin et al., 1994). It is
ossible that E-cadherin phosphorylation in blastomeres is
ikewise dependent on Rho, although we did not observe a
irect association between the two in cadherin immunopre-
ipitates.
Microinjection of either activated Rho or activated Cdc42
nto four-cell blastomeres induces a premature but aber-
antly polarised phenotype, featuring apically oriented
uclear displacement accompanied by alterations in micro-
ubule organisation, reduced cell– cell adhesion, and
hanges in microfilament organisation. The axis of these
olarised phenotypes reflects cell contact patterns just as is
bserved during the induction of normal polarisation at the
ight-cell stage; however, it differs in that normally nuclei
re displaced basally and microfilaments polarise apically.
he Rho/Cdc42 phenotype may be a consequence of “over-
xpression” due to the introduction of excessive levels of
he activated protein resulting in inappropriate distribution
f Rho. Alternatively, these effects can be considered to be
olarisation of an extreme or aberrant type. Interestingly,
he apical congregation of microtubules and associated
uclear localisation appears very similar to that observed in
ight-cell conceptuses allowed to polarise in the absence of
dhesion, i.e., undergoing an alternative, microtubule-
ependent route to polarity, as described by Houliston et al.
1989). Thus Rho/Cdc42-injected four-cell blastomeres may
ndeed be stimulated to polarise prematurely and, being less
ature and unable to express full adhesive properties,
ight be manifesting the morphological characteristics of
he contact-free alternative route. The nature of the matu-
ation process between four and eight cells is not known
nd it is interesting to speculate upon whether it involves
s of reproduction in any form reserved.
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329Rho in Mouse Blastomere Polarisationphosphorylation of cadherin (Sefton et al., 1992, 1996).
ecent work on T-cells in suspension indicates that Rho
nd Cdc42 affect polarisation involving the organisation of
icrotubules (Stowers et al., 1995). This work has obvious
arallels with our findings.
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